β-defensins are a family of antimicrobial molecules involved in inflammatory processes and infections. In human airways, β-defensin-2 (hβD-2) is the best characterized in bacterial and fungal infections; however, it has been insufficiently studied in viral infections. The respiratory syncytial virus (RSV) and adenoviruses (ADV) are important agents of acute respiratory infections. The aim of this study was to measure in vitro the production and antiviral activity of hβD-2 in HEp-2 cells and A549 cells infected with ADV and RSV; hβD-2 production at different times was assessed by RT-PCR, and its presence by immunodetection assay (Western blot) using antibodies anti-hβD-2. The effect of this defensin on viral replication was determined using recombinant hβD-2 in plaque assays. The results revealed that in the cell lines production of hβD-2is up regulated after ADV or RSV infection, in direct proportion to the exposure time to each virus. The use of a high concentration of recombinant hβD-2 resulted in less deleterious viral effect on the cells. The results suggest that both viruses induce hβD-2 production, no matter if the virus is enveloped or not, and that presence of hβD-2 reduces replication and cytopathic in vitro effect of RSV and ADV. The hβD-2 production by low pathogenicity viruses or live viral vaccines can be useful as therapeutic tools in some infectious diseases. 
Introduction
The defensins of vertebrate animals are small, cationic, and amphipathic peptides that contain 18-45 amino acid residues. They comprise three subfamilies, called a, b, and h-defensins. Each subfamily has a conserved motif that includes six cysteine residues that form three intramolecular disulfide bonds with a characteristic and different pattern of pairing. Additional families of small, cysteine-rich antimicrobial peptides (AMPs) exist in plants, fungi, myxobacteria, and invertebrates, including several that are also called defensins [1, 2] . Are the first line of innate defense against microbial attack by the formation of pores in the plasma membrane, hydrophobic interaction (electrostatic) in infectious agents [3] . Also as carpet adheres to the membrane lipid producing neutralizing negative charges (acting as detergent) and their ability to oligomerize [4] . Also it has positive selection N-terminal helix peptide specific against some bacteria [5] . Furthermore chemotactic activity is not well understood but, in tests however showed that disulfide bonds showed chemotactic properties in monocytes and cells with receptors CCR6 and disulfide peptides showing deficiencies were inactive [6, 7] . Depending topology disulfide bridges has designated its chemotactic features especially the similarity to MIP-3α [8] . They are classified into three groups: α, β and θ-defensins. In humans there are 33 β-defensins and are named as hβD-1-3 and from the hβD-4 as 104 to 133, displaying activities over a broad variety of infectious agents, mainly gram-positive and gram-negative bacteria and fungi [9] . However, their blocking effects on viruses still are not fully understood [10] , but they depend on direct effect, immune responsive cells interference and induction of cytokine production.
Some viral acute infections on respiratory airways represent a serious health problem, in special respiratory syncytial virus (RSV) and adenoviruses (ADV) which are able to infect the upper and lower airways [11] [12] [13] [14] . These viruses are structurally different: RSV (superfamily Mononegaviridae), is an enveloped virus with negative single-stranded RNA genome and ADV (family Adenoviridae), are a non-enveloped viruses with double-stranded DNA genome. While RSV is the main cause of bronchiolitis and pneumonia in infants and small children, ADV are commonly responsible for mild acute illness of the respiratory system [14] [15] [16] [17] [18] . In the present study it was investigated the effect of RSV and ADV infection in respiratory epithelium cell lines on the production of hβD-2. The results suggest that both viruses induce hβD-2 production, and its presence reduces the replication process and the cytopathic effect (CPE) of these viruses.
Materials and Methods

Cell cultures
The HEp-2 human laryngeal epithelioma type 2 cells (ATCC CCL-23, USA) and A549 human alveolar type II-like epithelial cells (ATCC, CCL-185 USA), were acquired from American Type Culture Collection (Manassas, VA). Cell lines were propagated in 25 cm 3 flasks (Nunc Thermo Scientific, Hanover Park, ILL) and Petri dishes with Eagle's Minimal Essential Medium (MEM), supplemented with 10% fetal bovine serum and antibiotics (Penicillin 100 U/mL, Streptomycin 100 µg/mL, Amphotericin-B 1 µg/mL; Invitrogen Life Technologies, Gaithersburg, MD). Cells were maintained at 37°C in 5% CO 2 atmosphere and were stored and grown in accordance with the manufacturer's instructions. WRL 68 Human liver embryo (ATCC CCL-48, ECACC catalog code: 89121403 USA), this was used as a negative control.
RSV and ADV propagation
RSV Long strain and ADV serotype 5 isolated from a male rhinofaringitis patient, 6 years old, were disseminated in confluent monolayers of HEp-2 and A549 cells in 25 cm 3 flasks. Monolayers of each cell line were washed twice with sterile PBS (5 mL); two groups were formed and each one was inoculated with each virus at a multiplicity of infection of 0.01 PFU/mL. After incubation for 2 h at 37ºC in a wet chamber with 5% CO 2 atmosphere, the inoculum was removed by centrifugation, washed and incomplete medium (without serum) was added. Incubation in the same conditions as described was followed until the appearance of the CPE distinctive of each virus was detected. Once the maximum degree of such effect was reached, each virus was harvested and three aliquots were prepared, one was used for virus titration by plaque assay with HEp-2 cells, other was exposed to ultraviolet (UV) light for 15 min for its use as control, and the remaining aliquot was transferred to 1.5 mL cryotubes and stored at -70°C.
RSV and ADV inactivation
An aliquot of each virus (5 mL of virus at 6 10 6 PFU) in serum-free medium (RPMI) was placed in a sealed box and irradiated for 10 min at a distance of 10 cm with optimal radiation levels (1,200 units 100 µJ/ cm 2 ), using an FB-UVXL 1000 UV cross-linker Fisher Biotech (Thermo Fisher Scientific) as previously described. Complete viral inactivation was verified by plaque assay on monolayers of HEp-2 and A549 cells.
RSV and ADV titration by lytic plaque assay
HEp-2 cells in 25 cm 3 flask were trypsinized and resuspended in 11 mL of MEM supplemented with 10% fetal bovine serum. A 24-well multidish plate was filled with 0.5 mL per well of the cell suspension and incubated at 37ºC with 5% CO 2 . Confluent monolayers were inoculated with 100 μL of different dilutions of RSV or ADV (in serumfree medium from 10 -0 up to 10 -8
), in duplicate tests and incubated for 2 hr at 37ºC with 5% CO 2 . Viral inoculum was eliminated, monolayers were washed, and 1.5 mL of incomplete medium with sterile 2.5% methylcellulose per well were added and incubated in a wet chamber with 5% CO 2 at 37ºC, until CPE was observed (6-8 days). Viral titration was done counting directly the number of lytic plaques observed in the highest dilution, considering the dilution factor (PFU/mL = number of plaques × df × 10), where df is the dilution factor and 10 is the correction factor corresponding to 0.1 mL of the inoculum.
Quantitation hβD-2 in infected cells
Medium was removed from confluent monolayers of cultured cells by suction and washed twice with PBS. Cells were divided in two groups and each one was separately infected with RSV or ADV, at infective doses of 1.0 PFU. Afterwards, at different times (5, 15, 30, 45 , 60, 90 and 120 min), monolayers were washed twice with cold PBS and harvested with harvest buffer (50 mM NaF, 10 mM Na 2 MoO 4 , Na 3 VO 4 and 1 mM EDTA). Cells were transferred to 1.5 mL Eppendorf tubes and centrifuged at 1200 × g for 10 min at 4ºC. Supernatants were removed by suction and the cell pellets were resuspended in a RIPA 2X hypotonic solution with phosphatase and protease inhibitors (2.5-10 μg/mL aprotinin and 2.5-1 μg/mL leupeptin) in 500 μL total volumes. Total proteins were quantified using the Bradford method, separated in 18% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to nitrocellulose membrane for Westernblot analysis. Presence of transferred proteins was visualized by 0.1% Ponceau red staining in 5% acetic acid. Membranes were blocked with a 5% skimmed milk solution and 0.1% Tween 20 in TBS for 2 h. Subsequently, membranes were incubated with 1% bovine serum albumin (3 mL) and rabbit anti-hβD-2 polyclonal IgG antibody at a 1:1000 dilution, and incubated overnight at 4°C. Reaction was detected by incubating the membranes with anti-IgG peroxidase-coupled at a 1:300 dilution and developed by chemiluminescence on an X-ray film with luminol; bands were analyzed by densitometry. Monoclonal IgG1 anti-actin antibody was used as control. All antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
RT-PCR assays
Cultures of A549 and HEp-2 cells were infected with RSV and ADV, respectively. Total RNA was isolated by using TRIzol (Invitrogen, Carlsbad, CA) following the manufacturer's protocol. The oligonucleotides reported by Schröder et al. [19] were used, which comprise the intron specific region of hβD-2. The sequence for the sense oligonucleotide is 5'-CCAGCCATCAGCCATGAGGGT-3' and anti-sense sequence is 5'-GGAGGCCTTTCTGAATCCGCA-3' with a product of 255 bp. For glyceraldehyde-3-phosphate dehydrogenase (GAPDH); the forward primer was 5'-CCAGCCGAGCCACATCGCTC-3'; and the reverse primer was 5'-ATGAGCCCCAGCCTTCTCCAT-3´, giving a 360 bp PCR product. The GAPDH was amplified in the same reaction to serve as the reference gene. Amplification was carried out in a Biometra Personal Thermal Cycler (Biometra, Goettingen, Germany) after an initial denaturation at 94ºC for 5 min. This was followed by 30 cycles of PCR using the following temperature and time profile: denaturation at 94ºC for 1 min, primer annealing at 52ºC for 1 min, primer extension at 72ºC for 1 min, and a final extension of 72ºC for 10 min. The PCR products were visualized by electrophoresis on a 2% agarose gel stained with ethidium bromide (0.5 μg/mL) and visualized by UV transillumination.
Effect of hβD-2 on viral replication
HEp-2 and A549 cells were cultured in 24-well plates. Once the monolayer was formed, the medium was removed and 1 mL of MEM was added to the wells in the first vertical row, and 900 µL to the remaining. Later on, recombinant protein hβD-2 (Bioclone, San Diego, CA) was added to the wells from the third vertical row at increasing concentrations of 0.2 µg/mL to 0.5 µg/mL up to the last row. A constant volume of 100 L of the corresponding titrated virus was added from the second row. Samples were incubated at 37°C in 5 % CO 2 for 2 h. Following incubation, supernatant was removed, washed with sterile PBS and 1 mL of 1.5% methylcellulose was added to each well; samples were again incubated at 37°C with 5% CO 2 until lytic plaques were formed. Methylcellulose was removed and samples were washed again, and 200 µL of 75% methanol were added. After 15 min, 1% crystal violet was added for 15 min, washed with water, and lytic plaques were counted using a microscope. Adding the antibody for the inhibition of recombinant hBD-2 protein antibody was used anti-β-defensin 2 (FL-64) rabbit polyclonal IgG Santa Cruz Inc. (Minneapolis, MN, USA) .
Quantification of hBD-2
The A549 and HEp-2 cells with fetal calf serum were infected with RSV and ADV 0.1 MOI, supernatants were collected at different times (5, 15, 30, 45, 60, 90 , and 120 min). For ELISA with these infected cells supernatants, 96-well ELISA plates (Immulon 4; Thermo Labsystems, Beverly, MA) were coated at 37°C for 1 h with 10 μL of each supernatant fraction or controls (recombinant hβD-2 or uninfected HEp-2 and A549 cells), in 100 μL of 0.1 M sodium bicarbonate buffer, pH 10.6. Wells were washed with PBS-0.05% Tween and blocked with 1% bovine serum albumin in PBS for 1 h at room temperature. Plates were washed twice with PBS-0.05% Tween, and wells were incubated with 100 μL of rabbit polyclonal anti-hβD-2 antibody (Santa Cruz, Minneapolis, MN) diluted 1:3,000 in 0.1 M carbonate buffer (pH 9.6), for 1 h at room temperature. After three washes with PBS-0.05% Tween, 100 μL of a 1:3,000 dilution of goat anti-rabbit IgG horseradish peroxidase (HRP) conjugate (Sigma-Aldrich) per well was incubated for 1 h at room temperature. Plates were washed again three times with PBS-0.05% Tween and filled with 100 μl of peroxidase substrate 
Statistic analysis
Data were tested for normality. A comparison test (paired student t) was performed. A P value <0.05 was considered to indicate a statistically significant difference.
Results
β-defensin-2 secretions in cell lines infected with RSV
Active production of hβD-2 in HEp-2 and A549 cells infected with RSV was demonstrated by Western blot and PCR (Figure 1) . Cell culture controls uninfected or with UV-inactive viruses, showed a basal production of hβD-2 (mRNA) ( Figure 1D and 1H lane 2) , amount that was subtracted from the results with active viruses. With RSV and ADV, a gradual increase of hβD-2 was found either by protein presence and mRNA expression. Measured by the two techniques, the maximum production of hβD-2 in HEp-2 cells was 120 min ( Figure  1A and 1E) . These results were confirmed by densitometry (Figure1B  and 1G) . The expression of actin and GAPDH (controls) were similar at all times (Figure 1B-1F actin and 1D and 1H GADPH). Results of hβD-2 production in infected A549 and HEp-2 are presented in Figure  1 . Similar secretory behavior was found in both cell lines, except that hβD-2 secretion evaluated by Western blot was observed in less than 30 and 45 min ( Figure 1A ), HEp-2 line cell in comparison with A549 cell ( Figure 1E ). As in the HEp-2 cells, in A549 cells the expression of internal controls was similar.
β-defensin-2 productions in cell lines infected with ADV
In the Western blot test, hβD-2 secretion in HEP-2 cells infected with ADV was higher at 60 and 90 min followed for a slight decrease at 120 min (Figure 2A ), whereas RT-PCR secretion increased from 45 min ( Figure 1D ). The expression of controls was similar at all times ( Figures  2B and 2D) . Regarding A549 cells, the results were similar to those of the HEp-2 cells for the secretion of hβD-2 and for the expression of the internal control ( Figures 1E, 1F and 1D ). Figure 3A shows the Western blot results of non-infected cell cultures harvested at same times as those of the former tests (5, 15, 30, 45, 60, 90 and 120 min). To confirm the constitutive protein production, WRLL8 cells lacking hβD-2 expression were infected with ADV and the result showed the absence of hβD-2 expression and production ( Figure 3B ).
Statistic analysis densitometry
The expression of hβD-2 after infection with RSV is higher in the cell line A549 (548.3 ± 100.2) than in the cell line HEp-2 (311.3 ± 103.9). According to the test performed values are normally distributed and the comparison of means through a t-paired, showed highly significant differences (P=0.000004). While infection with ADV in the increased expression of this hβD-2 occurred in the cell line HEp-2 (568 ± 98.9), being smaller in A549 cells (326.2 ± 143.9). The values were normally distributed and the comparison of means through a t-paired showed significant differences (P=0.005728).
Effect of β-defensin-2 on viral replication
HEp-2 and A549 cells exposed to recombinant hβD-2 at different doses and infected with RSV and ADV, showed a decrease in the formation of lytic plaques compared to the control that was not treated with the protein. 
HBD-2 production in cell lines infected with RSV and ADV
The HEp-2 and A549a cell lines with fetal bovine serum were infected with RSV and ADV virus at different times. To be quantified concentration secretion of the supernatant, there was an increase in hBD-2 secretion function of time ( Figures 6A and 6B ). Higher secretion of hβD-2 in A549 and HEp-2 cells was observed at 120 min post-infection with one and other viruses (0.25 ng/mL in HEp-2 cells and 0.19 ng/mL on A549 cells). Statistical analysis of hβD-2 secretion in both cells types showed significant differences (P<0.05) in comparison with controls.
Discussion
A major feature of an adequate host protection system is the effective resistance to the constant changes of the wide spectrum of infectious agents capable to live and multiply themselves in epithelial surfaces. By far, in all over the world viral respiratory tract infections are the most frequent infectious conditions, ranging from autolimited illness to severe life-threatening infections. The activation of the innate immune system responses in the respiratory tract could be enough to fight against viral invasions and expansion, and also are necessary to establish favorable conditions to activate the adaptive immune system, which in turn contributes for effective viral clearance [20, 21] . It is well known that responses to viral airways infections, like those elicited by RSV and ADV, are largely restricted to the mucosal compartment and local responses are able to control the infectious processes [11, 18] . The results of this study provides support for this concept by demonstrating that RSV and ADV infections of epithelial cells in vitro induces production of hβD-2, a peptide that could play a central role in innate and specific immune responses activation and as an important component of the antiviral response during infection to limit the spread both viral types. RSV and ADV infection of the A549 and HEp-2 cell lines, induces the secretion of hβD-2 with a limiting factor dependent of the time of exposure to the virus; less secretion as lower exposure time. The use of high doses of recombinant hβD-2 decreases cytopathic effect of viral infection.
Here, the results confirm that the AVD and RSV infection of epithelial cells induce hβD-2 production, which is involved in the decrease of the infection processes. The overall results were not different in the experiments with any of the viruses, suggesting that protein detection corresponds to the gene behavior. In both cases, the longer the time of viral exposure, the higher hβD-2 synthesis. Kinetic analysis revealed that there was an initial hβD-2 increased production, followed by a slight decrease and, finally, increasing again. This observed decrease could be explained as the result of the viral penetration process whose replication mechanisms temporarily stops the cellular machinery or activities to distract transcription. Other possibilities to explain the observed reduction are the depletion of intracellular stores, the average life of the protein or mRNA or the absence of other stimulants for transcription factors activation.
A low level of hD-2 was detected in non-infected cells as well as in cells treated with inactive virus; thus, a kinetics test with the same times was carried out with non-infected cells revealing that, in contrast with the assays with active viruses, the protein constantly remains in its baseline condition [22] [23] [24] . This results suggest that in epithelial cells in upper and lower airways, hβD-2 is permanently produced in a baseline value and the presence of viruses, enveloped or non-enveloped, promote the activation of the gene. However, even when hβD-2 synthesis is stimulated, the viral infection is not stopped, most probably because the amount produced during the infection is not enough to counteract the viral replication. Therefore, in order to establish whether or not a higher quantity of hβD-2 had effects on the viruses, plaque assays with recombinant protein-ascending doses were performed. Results revealing that a higher concentration of hβD-2 conducts to a lower cytopathic effect and less viral replication, suggesting that an appropriate quantity of hβD-2 can protect epithelia from the virus effect. However, more experiments are required to determine the adequate protective dose, since some have reported that high hβD-2 doses are cytotoxic [22] .
There are some evidences supporting the dual capacity of cationic proteins to eliminate a wide range of infectious agents and to facilitate the adaptive response induction [3, 6] . Such peptides are expressed in many species by cells with phagocytic properties and epithelial cells. Reports indicate that such proteins are inducible by the presence of the agent in the medium. Other reports indicate that induction and transcriptional regulation for the synthesis of these proteins are initiated by the interaction between the membranes of the agent and the producer cell [25] ; however, there are some doubts, since some agents lacking these structures also induce peptide production [26] . Molecules, such as hβD, have been tested in similar environments and in environments with characteristics other than the natural environment, but to date tests have been limited only to RNA behavior. In this in vitro approach, results suggest that the used cells generate, in contact with both viruses, a stimulus for hβD-2 production, and that this synthesis is relative to the exposure time. Just like with bacterial infections, respiratory viruses induce the hβD-2 production, and hβD-2 reduces the replication and cytopathic effect of both viruses. Therefore, determining the action mechanism of this defensin may help to understand and design strategies to treat and prevent respiratory viral infections. Accordingly with the results here found, is clear that the hβD-2 production is an important defense mechanism that can prevent the spread of infection in the early stages of viral replication. However, should be noticed that in our model, cellular inhibitory effect of viral replication is incomplete because in the system other components of the innate and specific immune responses are absent, nevertheless, it is evident an important partial effect of the hβD-2. Because the enveloped or non-enveloped structure of the viruses seems not be important in regard to the blocking capabilities of hβD, we proposed as one possibility for the application of these results is the use of a low-pathogenicity virus, as ADV is or the respective vaccine, as hβD-2 inducers as therapeutic tools in infectious diseases where this antimicrobial peptide has demonstrated be useful.
Conclusion
The results of this study demonstrate that infection of A549 and HEp2 cells by RSV ADV induce production hβD-2. The use of high doses of hβD-2 inhibits the cytopathic effect generated by viral infection. Apparently, no viral structure appears to be important because both virus infection was blocked by hβD-2.
